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Introduction 


Foodplants of phytophagous insects are often restricted to one or few species. 
Although the ranges of foodplants vary with species, the feeding specificities of but- 
terflies are known as the results of coevolution of plants and butterflies. The plants 
within the same or closely related taxonomic groups have similar secondary chemical 
compounds which repel or attract insects. It has been considered that the specializa- 
tion in foodplants of butterflies primarily depends on the exsitence of these secondary 
compounds (EHRLICH & RAVEN, 1964; FEENY, 1975; FUTUYMA, 1976). Most butterfly 
species are oligophagous: the larvae feed on some plant species within a paticular 
family. 

When a certain butterfly species utilizes several sorts of plants as larval food, two 
questions as to food utilization arise. The first question is whether these plants can 
equally support the larval growth. There are several reports concerning the food 
suitability to larval development. The different foodplants do not always support 
equally the larval developments of some butterflies (CHEW, 1975; WIKLUND, 1975). 
The second is whether the foodplants are selected equally by ovipositing females in the 
field. WIKLUND (1981) reported that females of Papilio machaon laid their eggs on 
only one plant species, though there were many potential foodplants in the field. In 
some other butterflies, females deposited eggs on several plant species (WIKLUND, 
1977; WIKLUND & AHRBERG。 1978). On the other hand, CHEW (1977) showed that in 
pierid butterflies, females oviposited on nearly all available food plant species in the 
field and that their oviposition preference tended to be determined by the suitablility 
of plants for larval growth, though the females did not always assess accurately the 
food suitability. 

As stated above, the characteristics of foodplant utilization are various with 
butterfly species. Thus, it may be interesting to evaluate the nutritional effects of 
foodplants on larval growth and to investigate the selections for foodplants by oviposit- 
ing females in the field. 

Eurema hecabe (LINNAEUS) (Lepidoptera, Pieridae) is considered to be good material 
for this kind of study, because it utilizes several leguminous plants as larval food 
(FUKUDA et al., 1972; KAWAZOE & WAKABAYASHI, 1976) and one can easily observe the 
ovipositing behaviour of females. This butterfly is one of the commonest butterflies 
being widely distributed in Japan, except northern part. Overwintered adults appear 
in April and females lay eggs on larval foodplants. It has 4 or 5 generations a year in 
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lowland of Kantou district. It occurs in grassland, in gaps of forest and around forest 
edge. 


Materials and Methods 


In late August, 1979 and 1982, eggs were collected from the census field. These 
eggs were found on Lespedeza bicolor TURCZ. and L. juncea Pers. The larvae hatched 
from these eggs were divided into three groups in 1979 and two in 1982 to fed them on 
different foodplants. Each larval group was supplied with one of the following five 
plant species as food; L. bicolor, L. juncea and Albizzia julibrissin DURAZ in 1979 and L. 
striata HOOK. et ARN. and Indigofera pseudotinctoria MATSUM. in 1982. The larvae 
were reared individually in a glass cylinder (10 cm in length, 3 cm in diameter) in the 
laboratory. The temperature and the photophase were not controlled. During this 
experiment, the average room temperature was 27.1°C. Larvae were reared from late 
August to late September, 1979. At intervals of one or two days, the larvae were 
supplied with fresh leaves which had been weighed beforehand. The opening of each 
cylinder was covered by polyvinyl membrane to prevent the leaves from desiccating. 
When food was renewed, residua of leaves and faeces were collected and larvae were 
weighed. The budget of dry matter was determined by standard gravimetric procedures 
(WALDBAUER, 1968). The budget was presented by the following equation: 


C=G+M+F 


where C is the food consumption, G is the larval growth, M is the expenditure on 
maintaining life processes, F is the faeces and (G+M) is the food assimilation. Dry 
weights of uneaten leaves and faeces were determined by drying them to a constant 
weight in an oven at 70°C. Dry weight of supplied food was calculated by using the 
wet-dry weight ratios of leaves of three foodplant species. These ratios were obtained 
by drying control leaves to a constant weight at 70°C. Food consumption was cal- 
culated by subtracting the weight of uneaten leaves from that of originally supplied ones. 
In the calculation of the budget, the exuviae were omitted, because they were of a negli- 
gible amount. Efficiencies of food utilization were presented as the following three 
equations. 


Approximate digestibility (A. D.): 

A. D. (%)=(G+M)/C x 100 
Gross conversion efficiency (E. C. I.): 

E. C. I. (%)—G/C x 100 
Net conversion efficiency (E. C. D.): 

E. C. D. (%)=G/(G+ M) x 100 


The dry matter budgets, the food utilization efficiencies and the larval developmental 
period were compared among the larvae fed on different food species. The comparison 
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was applied to the larval developmental stages from the third to pupation, since the 
dry matter budget was very little in the first and second larval stages. 

From August to September, 1981, oviposited eggs were surveyed and ovipositing 
behaviour of females was observed in the two grasslands on the campus of the Uni- 
versity of Tsukuba. Two study areas are situated between the pine forest and the 
road, being covered with a variety of grasses; Miscanthus sinensis ANDERSS., Artemisia 
princeps PAMPANINI, Cassia mimosoides OHASHI, L. striata, L. bicolor, L. juncea, A. 
julibrissin and I. pseudotinctoria, and sparsely with woody plants. The first area (Area 
1) was 500 m apart from the second area (Area 2). The herbaceous vegetation of the 
Area 2 was similar to that of the Area 1, but with fewer L. bicolor and without A. 
julibrissin. As the grassland is mowed every summer, the herbs are provided with new 
leaves from August to September. 

The eggs laid on foodplants were searched by walking through the Area | in late 
August. In this survey, new compound leaves of L. bicolor, new leaflets of A. julibrissin 
and the uppermost part of L. juncea were regarded as suitable oviposition sites, because 
E. hecabe deposits eggs on new leaves of these plants. In addition, new leaves are 
considered to be suitable for first-stage larvae to feed on. When eggs were found ona 
plant, the number of eggs and suitable oviposition sites were recorded. 

The ovipositing behaviour was observed in the two study areas on 24, 31 August 
and on 2, 3, 9 September, 1981, when the weather condition was good for oviposition. 
Each female was followed and observed until she went out from the study areas or 
stopped ovipositing behaviour. The plant species landed on, the number of alightings 
on the plant and the number of eggs laid on the plant were recorded. 


Results 


The larvae fed on the leaves of L. bicolor, L. juncea and A. julibrissin normally 
developed into the pupal stage, but all the larvae on L. striata or I. pseudotinctoria died 
during the first-stage without consuming the food leaves. Therefore, the dry matter 
budgets and the efficiencies of food utilization of larvae on these two plants could not 
be measured. 


Table 1. Larval period from third-stage to pupation, larval weight and 
pupal weight of E. hecabe reared on different foodplants. Mean 
values 土 standard deviation. 














Foodplant N Period (days) Hm (ae) Red Ge 
pees 12 12.5+0.5° 150.6+12.0° 137.14 9.3* 
oe 12 13.8+1.0° 136.2+11.6° 122.34 9.7° 
計り 12 13.2+1.0° 137.7+10.0° 121.1411.1° 





Note: Any two means not having a common superscript are significantly 
different at the 5% level of probability. 
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The number of reared larvae, duration from third-stage to pupation, maximum 
larval weight and pupal weight of larvae on three different foods are summarized in 
Table 1. The larvae on L. bicolor grew fastest, but the difference in the duration was 
only 1.3 day between larvae on L. bicolor and those on L. juncea. The maximum larval 
weight and the pupal weight were larger in the larvae on L. bicolor than those on the 
others. 

The budgets of dry matters are summarized in Table 2. Food consumptions were 
not different among larvae on different foodplants. The larvae on L. juncea excreted 
larger amount of faeces than those on the two other foods. The growth of larvae on 
L. bicolor was significantly greater than those on the other foods, but it was not signifi- 
cantly different between the larvae on L. juncea and those on A. julibrissin. 


Table 2. Dry matter budgets(mg) for E. hecabe larvae reared on different foodplants. 
Mean values +standard deviation. 

















Foodplant Sf a Faeces SIG OH 
cis 135.8-£10.6" 93.1 £11.3° 42.6 5.17 25.0 二 2.2* 
rare 142.2+411.7° 104.34 8.6" 37.94 6.5° 22.6-++2.0° 
o 145.6+18.1° 93.8+12.0° 51.9414.1° 22.8+1.8° 





Note: Any two means not having a common superscript are significantly different at the 
5% level of probability. 


The efficiencies of food utilization are summarized in Table 3. A.D. value of 
the larvae on A. julibrissin was the highest, but the value was not significantly different 
with larvae on L. bicolor. E. C. I. value was higher in the larvae on L. bicolor than in 
those on the other foods. E. C.D. values varied from 46.6% on A. julibrissin to 
61.4% on L. juncea. The E. C. D. value of larvae on A. julibrissin was significantly 
lower than those on the other two foods (P<0.01). 


Table 3. Efficiency of food utilization by E. hecabe larvae reared on 
different foodplants. (Mean values+standard deviation) 











Food plant A.D. (%) E.C.I. (%) E.C.D. (%) 
TPH 31.544.0° 18.5+2.2° 59.44 8.7* 
ie 26.6+3.5° 15.9+1.6° 61.4 二 12.3* 
a 35.3+7.1° 15.841.2° 46.6-+10.9° 





Note: Any two means not having a common superscript are significantly 
different at the 5% level of probability. 8 


The eggs of E. hecabe were found on three legminous plants; L. bicolor, L. juncea 
and A. julibrissin. The numbers of plants surveyed, their suitable oviposition sites and 
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Table 4. Number of plants deposited by E. hecabe in relation to number of plants 
surveyed, number of eggs and number of suitable oviposition sites at the Area 1. 








No. plants Ratio of plants No. suitable Mean no. eggs 





Foodplant o pan with ovi- with oviposited AG EBBS sites for per suitable 
y posited eggs eggs oviposition sites 

Lespedeza 85 34 40.0% 78 869 0.10 

bicolor Vf : 

Lespedeza o 

eg 115 58 50.4% 120 549 0.23 

ibe $ 19 9 47.4% 20 165 0.08 





eggs on the plants are shown in Table 4. The number of plants surveyed also repre- 
sented the relative abundance of the three plant species in the study areas. L. juncea 
was the most abundant species and A. julibrissin was very few compared with the two 
other species. The mean number of suitable oviposition sites per plant varied from 
5.0 in L. juncea to 10.5 in L. bicolor. Most of L. juncea had less than five sites, while 
many of L. bicolor had more than six sites (Fig. 1). A. julibrissin was very small with a 
few leaves in the study area because of grass-cutting. There was no difference among 
these three plants in the ratio of the plants with oviposited eggs to the total plants 
surveyed (Table 4). However, the mean number of eggs per suitable oviposition site 
was significantly higher in L. juncea than in the two other plants (P <0.01). 
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Fig. 1. The number of suitable oviposition sites in three plant species. 
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The ovipositing behaviour was observed for 28 females in the two study areas. 
The duration of observation for each female varied from 3 to 15 minutes. Females 
fluttered close to the vegitation and alighted on several plant species. When the 
females landed on plants other than their larval food, they immediately flew away. 
In addition, they did not always oviposit even when they alighted on the larval food- 
plants. Females stopped ovipositing behaviour when they encountered males or the 
wind became strong. Although the females alighted on many leguminous plant spe- 
cies, such as L. juncea, L. bicolor, L. striata, A. julibrissin, I. pseudotinctoria, Sophora 
flavencens SOLAND., Wistaria floribunda D. C., they deposited eggs on only three plant 
species, namely, L. juncea, L. bicolor and A. julibrissin (Fig. 2). The results of obser- 
vation on ovipositing females in the two areas are shown in Table 5. In the Area 1, 
females alighted on L. juncea more frequently than expectation derived from the relative 


FREQUENCY OF LANDING FREQUENCY OF OVIPOSITION 
250 100 50 0 50 100 150 
ーーーーー イ 






Lespedeza juncea 


L. bicolor 
L. striata 
Albizzia julibrissin 
Indigofera pseudotinctoria 
Sophora flavscens 
Wistaria tloribunda 
Cassia mimosoides 
Artemisia princeps 
Robinia pseudoacacia 


Fig. 2. Frequency of alightings and the number of ovipositions for the plants in the study 
areas. 


Table 5. Number of plants deposited in relation to number of plants alighted by E. 
hecabe, number of eggs laid and number of alightings. 











Foodplant “a Shed SS Sate ae 6 Ns 
(A) (B) (B/A x 100) 
AREA 1 
ee 61 21 34.4% 22 104 
e 140 78 55.7% 85 157 
Se 0 11 3 27.3%, 4 12 
AREA 2 
Lespedeza 6 o o0% 0 n 
ee 93 53 57.0% 57 104 
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abundance of the foodplants. The ratios of oviposited plants were significantly differ- 
ent from each other among three plant species. Ovipositing females preferentially 
alighted on and oviposited on L. juncea in the Area 1. In the Area 2, most female 
alighted on L. juncea and oviposited only on this plant. Many females passed L. 
bicolor without alighting on the plant in this area. The ratio of plants oviposited to 
plants alighted by females was similar to that in the Area 1 for L. juncea. 

The number of landings per plant was larger on L. bicolor than on other plants 
(Table 5). In addition, there was a positive correlation between the number of alight- 
ings per plant and the ratio of oviposition on the plants in L. juncea and L. bicolor 
(Table 6). In one alighting, about 50% of L. juncea were oviposited and about 20% 
of L. bicolor were done by females. When females alighted twice on L. juncea, almost 
all of them oviposited on the plant. 


Table 6. Number of plants alighted and oviposition rate* (in parentheses) in relation to 
number of alightings per plant by E. hecabe. 














Number of alightings per plant 








Foodplant Area 
1 2 3 4 5 6 
Lespedeza 1 41 (19.5) 7 (42.9) 7 (71.4) 2 (50) 4 (100) ーー 
bicolor 2 5 ( 0.0) ーー — — — 1 (0.0) 
Lespedeza 1 124 (51.6) 15 (93.3) 1 (100) — — — 
juncea 2 83 (55.4) 9 (100) 1 (100) — —. ーー 





* The percentage of the number of plants oviposited. 


N 


MEAN NUMBER OF EGGS 





1 2 3 4 5 
NUMBER OF ALIGHTINGS 


Fig. 3. Relation of the number of eggs deposited to the number of alightings on 


two plant species. 


Open circle: ZL. bicolor. Closed circle: L. juncea. 
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The mean number of eggs on one plant increased in proportion to the number of 
alightings in L. juncea. On the other hand, the number of eggs did not increase in L. 
bicolor in such a manner (Fig. 3). 


Discussion 


Three plant species used in the rearing experiment are known to be larval food for 
E. hecabe in the field. There were several reports concerning the influecnes of quali- 
tative differences of various foodplants on the growth of larvae fed on these plants 
(CHEW, 1975; WIKLUND, 1975). The survival rate of larvae, larval developmental 
period, larval or pupal weight and food utilization efficiencies were used as indicators 
of the nutritional adequacy of the foodplant for insects (Soo Hoo & FRAENKEL, 1966; 
BECKWITH, 1970; BAILEY, 1976; TABASHNIK, 1983). The larval survival rates were 
100% in the laboratory on the three plants; L. bicolor, L. juncea and A. julibrissin. 
Contrary to the result, all larvae on L. striata and I. pseudotinctoria died during the 
first-stage. These two plants seemed to be unsuitable as food for E. hecabe. 

In general, plants which enable larvae to grow rapidly are thought to be more 
suitable food, because the larval stage seems to be vulnerable to predation and para- 
sitism. In addition, CHEW (1975) showed that larvae on foods which supported rapid 
growth might be more likely to complete larval development before the condition of 
foodplant became unsuitable. The present study indicated that there was statistical 
difference in the larval developmental period among the three suitable foodplants 
(Table 1). However, the differences were only 0.6-1.3 days among the larvae on three 
foodplants. 

Larval weight and pupal weight have also been used as an indicator of food suita- 
bility for insects. For example, heavier larvae or pupae of two lepidopterous species 
are known to produce more eggs when they become adults (BECKWITH, 1970; BAILEY, 
1976). Thus, the reproductive capacity of insects is influenced by their larval foods. 
The maximum larval weight and the pupal weight of E. hecabe were significantly larger 
in the larvae on L. bicolor than in those on the other foodplants (Table 1). It may be ` 
advantageous for the larvae of E. hecabe to feed on L. bicolor because of having larger 
fecundity. However, judging from the differences in the maximum larval or pupal 
weights, this advantage may be slight. 

The difference in the larval growth may be due to the difference in the food utiliza- 
tion efficiency of the larvae. To obtain the optimal larval development, it is neccessary 
for larvae to intake adequate foods and efficiently convert them to their body. To 
achieve the high gross conversion efficiency (E. C. I.), the values of approximate digesti- 
bility (A. D.) and net conversion efficiency (E. C. D.) must be high. The larvae on L. 
juncea had high E. C. D. but low A.D. Contrary to this, A. D. was high for larvae 
on A. julibrissin but their E. C. D. was low. Since larvae on L. bicolor had high A. D. 
and E. C. D., the E. C. I. was the highest of the three groups (Table 3). 

These results revealed that L. bicolor was slightly superior to the other plants as 
larval food of E. hecabe. However, L. juncea and A. julibrissin also sufficiently sup- 
ported the larval growth. Accordingly, it can be concluded that these three plant spe- 
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cies are nutritionally suitable larval food of the butterfly. 

The eggs of E. hecabe were found on three plant species; L. juncea, L. bicolor and 
A. julibrissin in the study areas. No egg was found on other legiminous plants. Fur- 
thermore, the field observation clearly indicated that females deposited their eggs only 
on these three plants, though they alighted occasionally on the other plants. Some 
butterfly species are known to oviposit on unsuitable plants for the larval development 
(WIKLUND, 1975, 1981; CHEw, 1977). However, in E. hecabe, females did not lay their 
eggs on unsuitable plants. Thus, only these three plant species were firmly established 
as the foodplants of E. hecabe in this area. 

There were many leguminous plants in the study areas, but ovipositing females 
mainly alighted on L. juncea and L. bicolor. The ovipositing females seemed to dis- 
criminate foodplants while flying by using visual cue. When females alighted on non- 
foodplants, they tended to choose plants which have stems stood out. Females also 
had a tendency to alight on the plants having small or slender leaflets. RAUSHER 
(1978) reported that ovipositing females formed search images for leaf shape and 
females having this images increased the rate of dicovery of host plants. ŒE. hecabe 
probably searched for foodplants in the field by imaging the shape of leaflet and forms 
of plants, because ovipositing females alighted mainly on L. juncea which was slender in 
form and was provided with slender leaflets. 

There was difference between L. juncea and L. bicolor in the ratio of the number of 
plants on which eggs were oviposited to that of plants alighted on (Table 5). Most 
females alighted on L. juncea decided by one alighting to oviposit on the plant. Con- 
trary to this, females on L. bicolor decided it by more than two alightings in many cases 
(Table 6). This implied that L. juncea made females decide to oviposit on the plant 
sooner than L. bicolor. Judging from the field observation, E. hecabe seemed to have 
preferably oviposited on L. juncea in the study areas. However, the preference may 
not be so firm, because many females were observed to oviposit on L. bicolor and 
A. julibrissin, and actually the eggs were found on these two plants. 

In spite of the fact that L. bicolor is slightly superior to L. juncea as larval food, 
females of E. hecabe deposited eggs on L. juncea more frequently than L. bicolor in the 
field. TABASHNIK (1983) showed, in Colias species, that the ability of food utilization 
of larvae and the oviposition preference of females are not always changed in gearing. 

The oligophagous butterfly species was prone to become monophagous in the 
case which they used the predictable resource (WIKLUND, 1977). L. juncea seemed to 
be stable resource for E. hecabe, because it was very abundant in the study area from 
spring to autmun except grass-cutting period. However, E. hecabe is oligophagous. 
This may partly be explained as follows: ZL. juncea grows more abundantly than L. 
bicolor in the grassland. Contrary to this, L. bicolor and A. julibrissin are found in 
gaps of forest and around forest edge rather than in the grassland. Therefore, by 
utilizing three different plant species, this butterfly is able to inhabit a variety of habitats 
which are distributed patchily in this region. 
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Summary 


The nutritional effects of foodplants on larval growth and the oviposition prefer- 
ence of females were studied for E. hecabe. The larvae were reared with five different 
plants. The larvae which fed on L. bicolor, L. juncea and A. julibrissin developed 
normally, but all larvae on L. striata and J. pseudotinctoria died during the first-stage. 
The first three plants are nutritionally subequally suitable as food for the development 
of the larvae of E. hecabe, though L. bicolor was slightly superior to L. juncea and A. 
julibrissin with respect to developmental velocity and larval or pupal weight gain. 

The eggs of E. hecabe were found on three plants; L. bicolor, L. juncea and A. 
julibrissin. Females of E. hecabe were observed in the field to deposit only on these 
three plants, although they alighted on other leguminous plants. The females were 
observed to oviposit preferably on L. juncea in the grassland. 

L. juncea and A. julibrissin grow in gaps in the forest and around forest edge rather 
than in the grassland. By utilizing these three plants, E. hecabe is considered to be 
able to inhabit a variety of habitats. 
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摘 要 


キチ ョ ウッ に お ける 産卵 植物 と 幼虫 の 餅 利 用 (伴野 英雄 ) 


キチ ョ ッ i( て お ける 食餌 植物 の 餌 と し て の 価値 に つい て , 幼虫 の 飼育 実験 か ら 検討 し た . また , EINK 
物 の 選好 性 (に つい て , 野外 に お ける 産卵 植物 の 調査 と ゃ の 産卵 行動 の 観察 か ら 調べ た . 

飼育 実験 で は , 幼虫 の 成長 日 数 , WARN, 餌 の 利用 効率 に つい て 調べ た . 食餌 植物 と し て , メド ハ 
F, ヤマ ハギ , ネム お よび 野外 観察 に お いて 産卵 中 の メス が よく 止 る こと と が 観察 され た . ヤ ハ ズ ソ ウ , 
コマ ツナ ギ の 5?$ 種 の マメ 科 植 物 を 用 いた . ヤ ハ ズ ソ ウ , コマ ツナ ギ を 与え た 場合 , 幼虫 は どく 僅か し か 
aS, すべ て 1 齢 で 死亡 し た . 他 の 3 種 を 与え た 幼虫 は すべ て 順調 に 生育 し た . と の うち , ヤマ ハ 
ギ を 与え た 幼虫 で は , 他 の 2 種 を 与え た 幼虫 に 比べ , 摂 食物 の 転換 効率 が 高く , 成長 も 若干 速く , 成長 
量 も 大 きい と と か ら , ヤマ ハギ は , 他 の 2 種 に 比べ 餌 と し て や や 優れ る と 思わ れる . し か し , その 差 は 
WSK, メド ハギ , ネム も 餅 と し て , 十分 キチ ョ ウッ の 生育 を 支え る と 考え られ る . 

野外 調査 は , 茨城 県 新治 郡 桜 村 , 筑波 大 学 構内 の 草地 で 1981 年 8 月 一 9 月 に 行っ た . 産卵 植物 の 調査 
で は メド ハギ , ヤマ ハギ , ネム の 3 種 の 植物 より 卵 が 発見 され , メド ハギ で 最も 多く 発見 され た . 調査 
地域 内 で は , キチ ョ ウ は 若葉 に の み 産 卵 す る と と が 観察 され た の で , と れ ら 3 種 の 植物 の 産卵 に 適し た 
部 分 を 好適 な 産卵 場所 と し て 比較 し た . 3 種 の 植物 間 で は , 株 当り の 産卵 率 に は 差 が な か っ た が , 好適 
産卵 場所 に 対す る 産卵 率 で は 差 が あり , メド ハギ で 一 番 高 率 で あっ た . 

S の 産卵 行動 の 観察 で は , 産卵 中 の ゃ を 追跡 し , 止 っ た 植物 , 止 っ た 回 数 , 産卵 し た か どう か , 産卵 
数 に つい て 調査 し た . 産卵 行動 中 の ゃ は , 多く の マメ 科 植 物 に 止 り , と くに 細長 く , 草地 か ら 上 へ 突き 
出 た 植物 や 核 に よく 止 る 傾向 が み ら れ た . 実際 に 産卵 が 観察 され た 植物 は .。 メド ハギ , ヤマ ハギ , ネム 
の 3 種 で あっ た . メド ハギ 多く 止 り , 多く 産卵 する 傾向 が み ら れ た . 

調査 を 行っ た 付近 で は , 草地 , 松林 が パッ チ 状 分布 し て いる . メド ハギ は 草地 に 多く , ヤマ ハギ と 
ネム は 草地 より むし ろ 林 縁 や 林内 の 空地 人 に 多 く 分 布 す る . キチ ョ ウッ は 草地 で は メド ハギ を 多く 利用 する 
傾向 が み ら れ る が , 3 種 に 産卵 する 習性 は , 産卵 の 機会 を 増加 させ る と 共に , 異な る 環境 を 生息 場所 と 
し て 利用 する と と を 可能 に する と 考え られ る . 
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